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(54) Electromagnetic metering valve with a ball shutter for a fuel injector 

(57) The metering valve (24) has a ball shutter (44) 
for a conical seat (46) over a discharge conduit (43), 
and an electromagnet (26) for controlling an armature 
(27); a stem (47) of the armature (27) has a flange (57), 
is guided by a fixed sleeve (53), and is pushed by a 
spring (52) to keep the ball (44) in contact with the con- 
ical seat (46); provision is made, between the flange 
(57) and the ball (44), for a decoupling joint (62) in the 
form of a plate (63) having a flat surface (64) engaging 
the flange (57) and a spherical concavity (66) engaging 
the ball (44) to center the ball (44) on the conical seat 
(46); and the diameter (D) of the concavity (66) is 
slightly larger than the diameter (d) of the ball (44) to 
reduce the pressure between the mutually engaging 
surfaces of the concavity (66) and the ball (44). 
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Description 

The present invention relates to a perfected electro- 
magnetic metering valve with a ball shutter for a fuel 
injector, and in particular for internal combustion 5 
engines. 

The metering valves of fuel injectors normally com- 
prise a control chamber with a discharge conduit, which 
is normally closed by a very hard ball. In known meter- 
ing valves, the ball is normally kept in the closed posi- io 
tion inside a seat of the discharge conduit by a spring, 
and, when a control electromagnet is energized, the 
armature frees the ball from the spring to open the con- 
duit. On account of the high pressure of the fuel inside 
the control chamber, a very strong spring is required to 15 
close the valve. 

In known valves, the armature is connected to a 
stem, which is pressed by the spring directly on to the 
shutter, so that contact between the stem and the ball is 
substantially point-to-point. This results in severe pres- 20 
sure between the ball and stem, and. as the ball is made 
of harder material than the stem, eventually in deforma- 
tion of or wear marks on the stem, which eventually 
affect the travel of the ball. 

As is known, the travel of the ball, and hence of the 2s 
armature of the electromagnet, is one of the main 
parameters determining the amount of fuel injected into 
the engine. That is. for a given length of time the electro- 
magnet is energized, and for a given supply pressure, 
an increase in the travel of the ball corresponds to an 30 
increase in the opening and closing time of the valve, 
and hence an increase in the amount of fuel injected. 

Moreover, inevitable tolerances in the manufacture 
of the transmission mechanism between the armature 
and the ball make it extremely difficult to perfectly align 35 
the armature, stem and ball seat axes, so that known 
valves present the problem of activating the ball in a 
perfectly axial direction with respect to the seat, i.e. 
eliminating the transverse components generated by 
the action of the stem on the ball. Also, to ensure effec- 40 
tive sealing of the valve, the active surface of the arma- 
ture must be perfectly parallel to the seating surface of 
the ball. 

Metering valves of the above type are known in 
which the valve seat is conical to avoid contact of the 45 
ball with a sharp edge; and a further metering valve has 
been proposed in which the stem comprises a spherical 
cavity enclosing the ball. Such a cavity, however, allows 
of no lateral movement of the ball, so that, in the event 
of misaligned activation of the ball, due to inevitable so 
assembly tolerances of the valve components, the ball 
is incapable of centering itself automatically. 

It is an object of the present invention to provide a 
highly straightforward, reliable metering valve of the 
above type, designed to eliminate the aforementioned 55 
drawbacks of known devices by ensuring sealing of the 
valve under maximum pressure conditions, and reliable, 
constant operation of the injector. 


According to the present invention, there is pro- 
vided an electromagnetic metering valve with a ball 
shutter, comprising a ball acting on a conical seat to 
close a discharge conduit of a control chamber of an 
injector; and an electromagnet for activating an arma- 
ture to control a cylindrical stem coaxial with said coni- 
cal seat and normally pushed elastically to keep said 
ball in the closed position against said conical seat; said 
stem being guided by a guide sleeve also coaxial with 
said conical seat; characterized in that a decoupling 
joint is provided between said stem and said ball to 
transmit the action of said stem to said ball coaxially 
with said conical seat, and reduce the eventual variation 
in the travel of said armature due to wear by said ball. 

More specifically, the decoupling joint comprises a 
plate having a flat surface engaging the stem, and a 
spherical concavity opposite said flat surface and 
engaging the ball; said concavity centering the ball on 
the conical seat, and ensuring optimum sealing of the 
valve. Advantageously, the diameter of the concavity is 
slightly larger than the diameter of the ball to reduce the 
pressure between the mutually engaging surfaces of the 
concavity and the ball. 

A preferred, non-limiting embodiment of the present 
invention will be described by way of example with refer- 
ence to the accompanying drawings, in which: 

Figure 1 shows a partially sectioned view of a fuel 
injector featuring a metering valve in accordance 
with the present invention; 
Figure 2 shows a larger-scale section of the meter- 
ing valve of the Figure 1 injector; 
Figure 3 shows a larger-scale detail of Figure 2. 

Number 5 in Figure 1 indicates a fuel injector, e.g. 
for a diesel internal combustion engine, comprising a 
hollow body 6 connected to a nozzle 9 terminating with 
one or more injection orifices 11; and a control rod 8 
slides inside body 6, and is connected by a joint 10 to a 
pin 12 for closing orifice 1 1 . 

Body 6 comprises an appendix 13 in which is 
inserted an inlet fitting 16 connected to a normal fuel 
supply pump, and which in turn comprises a hole 14 
(Figure 2) communicating via conduits 17, 18 and 21 
(Figure 1) with an injection chamber 19 of nozzle 9; pin 
12 comprises a shoulder 22 on which the pressurized 
fuel in chamber 1 9 acts; and a compression spring 23 
assists in pushing pin 12 downwards. 

Injector 5 also comprises a metering valve indi- 
cated as a whole by 24, and in turn comprising an elec- 
tromagnet 26 for controlling an armature 27; and 
electromagnet 26 comprises an annular magnetic core 
28 having an axis 30. housing a normal electric coil 29. 
and having an axial hole 31 communicating with a dis- 
charge fitting 32 connected to the fuel tank. 

Metering valve 24 also comprises a body 33 coaxial 
with axis 30, and having a flange 34 fitted to body 6 by 
a ring nut 36 via the interposition of calibrated washers 
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35 (Figure 2) as described in detail later on; armature 

27 is coaxial with axis 30 and comprises a disk 38 fam- 
ing one piece with a sleeve 40 and having one or more 
slots 39 through which a discharge chamber 37 formed 

in body 6 communicates with central hole 31 of core 28; j 
and disk 38 comprises an active surface 45 facing core 

28 and perpendicular to axis 30. 

Body 33 of valve 24 also comprises an axial control 
chamber 41 in turn comprising a calibrated radial inlet 
conduit 42 (Figure 2) communicating with hole 14, and 
a calibrated discharge conduit 43 coaxial with axis 30 
and communicating with discharge chamber 37. Control 
chamber 41 is defined at the bottom by the top surface 
of rod 8; and, by virtue of the larger area of the top sur- 
face of rod 8 as compared with that of shoulder 22 (Fig- 
ure 1), the pressure of the fuel, with the aid of spring 23, 
normally keeps rod 8 in such a position as to close ori- 
fice 1 1 of nozzle 9. 

Discharge conduit 43 of control chamber 41 is nor- 
mally closed by a shutter in the form of a ball 44 made 
of very hard material, e.g. tungsten carbide, which rests 
on a conical seat 46 (Figure 3) of body 33, coaxial with 
conduit 43, and is controlled by a cylindrical stem 47 
(Figure 2) having a groove housing a C-shaped ring 49 
against which disk 38 is pushed by a spring 50, so that 
armature 27 is disconnected from stem 47. 

A given length of stem 47 projects inside hole 31 
and terminates with a small-diameter portion 51 for sup- 
porting and anchoring a first compression spring 52 
housed inside hole 31 ; stem 47 slides inside a fixed 
sleeve 53 coaxial with axis 30 and forming one piece 
with a bottom flange 54 (Figure 2) comprising axial 
holes 56; and, at the bottom, stem 47 comprises an 
integral flange 57 perpendicular to axis 30 and which is 
arrested against the bottom surface of flange 54. 

Ring nut 36 forces flange 54 against calibrated 
washers 35, which act on a flat surface 55 of flange 34 
of body 33, flange 34 in turn rests against a shoulder of 
body 6 of the injector; and ring nut 36 is threaded exter- 
nally and screwed to a thread of discharge chamber 37 
(Figure 1). More specifically, washers 35 are so 
selected as to define the desired travel h of stem 47; 
and flange 57 of stem 47 is housed inside a swirl cham- 
ber 58 communicating via holes 56 with discharge 
chamber 37. 

The inevitable manufacturing tolerances involved in 
the assembly of body 6, core 28, washers 35, flange 54, 
sleeve 53, stem 47, sleeve 48 and armature 27 make it 
extremely difficult to perfectly align the axes of armature 
27, stem 47 and conical seat 46. And, if the stem were 
to act directly on ball 44, this would result in point-to- 
point contact between flange 54 and ball 44, and the 
hardness of ball 44 would result in rapid deformation of 
and wear marks on flange 54. 

Moreover, even the slightest misalignment of any 
one of the above axes would subject ball 44 to a trans- 
verse component in the action of spring 52, which would 
prevent ball 44 from perfectly contacting seat 46, thus 


impairing operation of valve 24 and also rapidly deform- 
ing seat 46. 

According to the present invention, to eliminate the 
above drawbacks, a decoupling joint, indicated as a 

> whole by 62, is provided between flange 57 of stem 47 
and ball 44 to disconnect flange 54 from ball 44 and so 
guide ball 44 as to keep it centered with respect to the 
axis of seat 46; which joint 62 comprises a circular plate 
63 (Figure 3) having a flat surface 64 and a spherical 

10 concavity 66 opposite flat surface 64. 

; - More specifically, flat surface 64 engages flange 57 
of stem 47, and permits a certain amount of transverse 
movement of plate 63 with respect to the axis of stem 
47; whereas concavity 66 engages ball 44, and pro- 

15 vides for centering the action of stem 47 along the axis 
of conical seat 46, so as to compensate for inevitable 
misalignment of the axes of armature 27, stem 47 and 
body 33 of valve 24, and any lack of parallelism between 
surface 45 (Figure 1) of disk 38 of armature 27 and sur- 

20 face 55 (Figure 2) of body 33. 

: f Diameter D of concavity 66 (Figure 3) is slightly 
largW tifan diameter d of ball 44 to reduce the pressure 
between the mutually engaging surfaces of .concavity 66 
and\bdl $4; and concavity 66 has a camber F to prevent 

25 wrt&rjwal of ball 44 when armature 27 (Figure 1) is 
attrjactfecfby core 28. 

' ^4/lore specifically/the ratio d/D between the diame- 
ter d of ball 44 and diameter D of concavity 66 may 
range between 92/100 and 98/100, and camber F 
30 between 8/1 0 and 9/1 0 of diameter d of ball 44. Advan- 
tageously, with a conduit 43 of about 0.25 mm in diam- 
eter, diameter d of ball 44 may be about 1.35 mm, 
diameter D of concavity 66 of about 1 .40 mm, and cam- 
ber F of about 1.00 mm. 

35 Also, the apex angle a of conical seat 46 may range 
between 110° and 120°; and, to prevent interference 
between a peripheral edge 67 of plate 63 and the sur- 
face of conical seat 46, the upper surface 25 of body 33 
comprises a cavity 68, which may comprise a truncated- 

40 cone-shaped surface with an apex angle greater than 
angle a of seat 46. 

Metering valve 24 of injector 5 operates as follows. 
When coil 29 is energized (Figure 1), core 28 
attracts disk 38 of armature 27, which, by means of ring 

45 49, positively draws stem 47 upwards in opposition to 
spring 52; flange 57 of stem 47 produces turbulence 
inside chamber 58 to cushion the arrest of flange 57 
against fixed flange 54; the fuel pressure inside cham- 
ber 41 therefore moves ball 44 into the open position to 

so discharge the fuel from chamber 41 back into the tank; 
and the fuel pressure inside chamber 19 overcomes the 
residual pressure on the upper surface of rod 8 to raise 
pin 12 and so inject the fuel in chamber 19 through ori- 
fice 11. 

55 \ When coil 29 is de-energized, spring 52 pushes 
stem 47 down so as to draw armature 27 down by 
means of ring 49; the kinetic energy of stem 47 is also 
paM dissipated by the turbulence created by flange 57 
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in the fuel inside chamber 58; by virtue of the clearance 
due to the difference in diameters D and d, the surface 
of concavity 66 (Figure 3) of plate 63 mating with ball 44 
enables ball 44 to be centered at all times with respect 
to conical seat 46 of valve 24; ball 44 therefore closes 
discharge conduit 43; and the pressurized fuel restores 
the pressure inside control chamber 41, so that pin 12 
(Figure 1) closes orifice 1 1 . 

Moreover, by virtue of contact between ball 44 and 
concavity 66 (Figure 3) occurring between two spherical 
surfaces of slightly different diameters, the pressure on 
said surfaces is reduced, thus preventing the formation 
of wear marks and, hence, a variation in the travel h of 
armature 27, and so ensuring long-term consistency as 
regards the amount of fuel injected. 

As compared with known valves, the advantages of 
metering valve 24 according to the invention will be 
clear from the foregoing description. In particular, plate 
63 provides, on the one hand, for guiding and centering 
ball 44 with respect to conical seat 46, and, on the other, 
for improving the stability of valve 24. 

Clearly, changes may be made to the metering 
valve as described and illustrated herein without, how- 
ever, departing from the scope of the present invention. 
For example, armature 27 may form one piece with 
stem 47; stem 47 need not necessarily comprise flange 
57; and the shape and size of plate 63 may be other 
than described. 
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the diameter (D) of said concavity (66) is slightly 
larger than the diameter (d) of said ball (44) to 
reduce the pressure between the mutually engag- 
ing surfaces of said concavity (66) and said ball 
(44). 

A valve as claimed in Claim 3, characterized in that 
the ratio (d/D) between the diameter (d) of said ball 
(44) and the diameter (D) of said concavity (66) 
ranges between 92/100 and 98/100; the hardness 
of said ball (44) being greater than that of said plate 
(63). 

A valve as claimed in Claim 4, characterized in that 
the the apex angle of said conical seat (46) ranges 
between 110° and 120°. 

A valve as claimed in one of the foregoing Claims, 
characterized in that said armature (27) is in the 
form of a disk (38) coaxial with said stem (47); said 
disk (38) forming one piece with a sleeve (40) slid- 
ing on said stem (47) in opposition to a spring (50); 
and said stem (47) forming one piece with a flange 
(57) engaging said flat surface (64) of said plate 
(63). 


Claims 


30 


An electromagnetic metering valve with a ball shut- 
ter for a fuel injector, comprising a ball (44) acting 
on a conical seat (46) to close a discharge conduit 
(43) of a control chamber (41) of the injector; and 
an electromagnet (26) for activating an armature 
(27) to control a cylindrical stem (47) coaxial with 
said conical seat (46) and normally pushed elasti- 
caliy to keep said ball (44) in the closed position 
against said conical seat (46); said stem (47) being 
guided by a guide sleeve (53) also coaxial with said 
conical seat (46); characterized in that a decoupling 
joint (62) is provided between said stem (47) and 
said ball (44) to transmit the action of said stem (47) 
to said ball (44) coaxially with said conical seat (46), 
and reduce the eventual variation in the travel of 
said armature (27) due to wear by said ball (44). 
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A valve as claimed in Claim 1 , characterized in that 
said decoupling joint (62) comprises a plate (63) 
having a flat surface (64) engaging said stem (47), 
and a spherical concavity (66) opposite said flat 
surface (64) and engaging said ball (44); said con- 
cavity (66) centering said ball (44) on said conical 
seat (46). and ensuring optimum sealing of the 
valve. 
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3. A valve as claimed in Claim 2, characterized in that 
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